Objective: To assess the impact of multiple sclerosis (MS) on cognitive and psychosocial functioning in childhood and juvenile cases.
Multiple sclerosis (MS) is an inflammatory demyelinating disease of the CNS typically affecting young adults. It can cause both physical and cognitive disability, the latter estimated in 40% to 65% of cases. 1 In adult-onset patients, the profile of cognitive impairment shows prominent involvement of episodic memory, complex attention, information processing speed, visuospatial abilities, and executive functions, whereas semantic memory, attentive span, and language functions are relatively preserved. 1 Independently of the degree of physical impairment, cognitive impairment has high functional impact on work and everyday activities. 2, 3 In approximately 5% of cases, MS occurs in children or adolescents. 4 In these patients, the impact on cognitive functioning can be, in hypothesis, even more dramatic than that observed in adult-onset cases, because the inflammatory demyelinating process develops during primary CNS myelinogenesis. It may therefore negatively affect ongoing maturation of white matter pathways and lead to neurodegeneration of neural networks involved in cognition. Moreover, disease-related problems during key formative years may interfere with present and future academic achievements. Conversely, brain plasticity and repair mechanisms may be more efficient in this age range, suggesting greater possibility of recovery and compensation.
Although two recent studies have contributed to rouse the interest of researchers in the field, 5, 6 available information on neuropsychological aspects of childhood and juvenile MS remains rather limited. [7] [8] [9] It is difficult, moreover, to generalize data from published studies because of a number of limitations, such as the lack of a suitable control group or the absence of a global measure of patient cognitive function in terms of IQ.
In this Italian, multicenter study, we compared a cohort of childhood and juvenile MS cases with a group of demographically matched healthy controls (HCs) to assess the frequency, pattern, and clinical correlates of cognitive impairment and to evaluate psychosocial and academic consequences of the disease in this age range.
METHODS Subjects. The study cohort included all childhood and juvenile MS cases consecutively referred to 11 Italian MS centers between January 2006 and June 2007. Inclusion criteria were diagnosis of MS, 10 including also cases aged younger than 10 years and aged 17 years 11 months and younger. Particular attention was dedicated to the exclusion of acute disseminated encephalomyelitis. 11 At the time of the evaluation, all cases were relapse free and had not taken steroids for at least 30 days. A group of demographically matched HCs was recruited among patients' friends and schoolmates and assessed at the coordinating center in Florence. HCs had no neurologic or major psychiatric illness, history of learning disability, serious head trauma, alcohol or drug abuse, or major medical illness.
Parents of the participants provided informed consent, and the study was approved by the ethical committee of the University of Florence.
Clinical and neuropsychological assessment. In each center, a neurologist provided a review of the patient clinical history, treatments, and disability scoring on the Expanded Disability Status Scale (EDSS). 12 A psychologist administered an extensive neuropsychological test battery to cases and controls and performed a structured interview with the cases' parents to investigate possible MS-related academic and daily living problems. Psychologists had undergone a common training session in which administration and scoring procedures were defined and agreed upon.
Criterion for test failure was scoring under the 5th percentile of HC performance, or the 95th percentile when appropriate. Significant cognitive impairment was diagnosed in patients failing at least three tests; this cutoff was selected because less than 5% of HCs failed at least three tests.
The neuropsychological test battery assessed the following cognitive areas: 20 In the Verbal Fluency Test on semantic stimulus, the subject is asked to produce as many words as possible belonging to a semantic category (colors, animals, fruits, cities) within 120 seconds. The score is the average of correct words. 18 In the Verbal Fluency Test on phonemic stimulus, the subject is asked to produce as many words as possible beginning with a certain letter (F, P, L) within 60 seconds. The score is the sum of correct words. 19 In the Oral Denomination Test, the subject is asked to say out loud the name of visually presented images. The test includes 15 stimuli, and the score is the number of correct answers. 20 • Receptive language through the Token Test, 18 the Indication of Pictures from the Neuropsychological Examination for Aphasia, 21 and Phrase Comprehension Test from the Battery for the Analysis of Aphasic Deficits. 22 In the Indication of Pictures, the subject must associate a name said out loud by the examiner with one of three images, including a semantic and phonemic confounder. The test consists of 10 stimuli, and the score is the number of correct answers. 21 In the Phrase Comprehension Test, the subject must comprehend a semantically reversible phrase said out loud by the examiner, coupling it to one of two images. The test consists of 30 stimuli, and the score is the number of correct answers. 22 Depression and fatigue were self-assessed by patients and controls through the Children's Depression Inventory (CDI) 23 and the Fatigue Severity Scale (FSS), 24 with the assistance of the psychologist.
Finally, the psychologist administered to the parents of the patients a structured interview gathering information on school and everyday activities over the last year. This in-cluded a total of 15 items exploring school activities, 7 hobbies and sports, 4 and family and social relationships. 4 The neuropsychological test battery was administered in a single session. Breaks were provided on subject request or when fatigue was evident. The whole assessment required from 2 1 ⁄2 to 3 1 ⁄2 hours (on average 2 hours for the test battery and 40 minutes for other interview issues).
Statistical analysis.
Group comparisons were performed through the Student t test, Mann-Whitney test, and 2 test when appropriate. The Bonferroni correction for multiple testing was used when appropriate.
To allow a more appropriate comparison between patient and control performance, the study sample was divided into two subgroups. The first included subjects aged 8 to 13 years with 3 to 8 years of education, and the second included subjects aged 14 to 18 years with 9 to 13 years of education. Test scores of each patient were therefore compared with scores obtained by HCs within the appropriate subgroup. Possible predictors of cognitive impairment and an IQ score Ͻ 70 -corresponding to "mental insufficiency" in the Wechsler Intelligence Scale for Children-Revised classification 13 -were assessed through stepwise regression logistic models. All statistical analysis were performed with SPSS software version 12.2 running on Windows (SPSS, Chicago, IL, 2002).
RESULTS
The study sample consisted of 120 subjects, 63 MS cases, and 57 demographically matched HCs (table 1) . Disease onset occurred before age 10 years in 15 subjects (25%). Forty cases (63%) were treated with disease-modifying drugs (35 with interferon beta, 5 with glatiramer acetate), with a mean treatment duration of 1.3 Ϯ 1.7 years (range 0.3-7.8 years). All but 1 patient had normal visual acuity or mild visual impairment which did not preclude valid neuropsychological assessment. A complete neuropsychological assessment was achieved in 61 cases (2 cases had an incomplete assessment because of poor compliance). Because the average IQ score of our HC group was in the superior range, we also repeated the analysis using a subgroup of 40 HC subjects yielding a lower average IQ (106.2 Ϯ 10.4). Table 2 shows mean scores of cases and controls on each neuropsychological test. In comparison with the whole sample of HCs, in the MS group, both verbal and performance IQ were reduced. Seventeen patients (28%) scored in the inferior range on the Wechsler Intelligence Scale for Children-Revised, and 5 (8%) yielded scores Ͻ 70. Only 3 patients in the latter group had a previous diagnosis of mental retardation, posed after the beginning of the disease. In the remaining 5 cases, in the absence of a measure of adaptive functioning, a formal diagnosis of mental retardation according to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 25 was not appropriate. No other patient had undergone formal neuropsychological testing before the study.
Criteria for significant cognitive impairment were fulfilled in 19 patients (31%), whereas 32 patients (53%) failed at least two tests. Comparing MS patients with the subgroup of 40 HCs with lower average IQ scores, the main results were confirmed. Although differences in mean IQ scores were no more statistically significant, the proportion of subjects yielding lower IQ scores remained significantly higher in the MS group (table 2). Moreover, using this reference group, 2 cases failed two tests instead of three and were no longer included in the cognitively impaired group, whereas no other patient was reclassified.
Self-report of depression found that only 4 respondents (6%) endorsed significant symptoms. Nine patients were classified as fatigued on the FSS using a cutoff score of 4, proposed for adults. 24 However, considering the fifth percentile of HC scores, we also assessed fatigue using a cutoff score of 2. The number of fatigued patients increased to 46 (73%). The proportion of fatigued patients was comparable in the groups with and without cognitive impairment (79% vs 74%, p ϭ 0.67).
Focusing on the subgroup of patients with cognitive impairment, we found that 15 of 19 subjects had an IQ score Ͻ 90. The number and type of tests failed by cognitively impaired cases are listed on table 3. Functions most frequently involved included memory (particularly visuospatial memory), complex attention, verbal comprehension, and executive functions.
Analysis of cognitive impairment was also performed considering the subject performance within each cognitive domain (table 2). Using as the reference criterion the fifth percentile of HC performance, we obtained similar results. The proportion of cognitively impaired cases was No. of relapses in the past 2 years, mean Ϯ SD (range)
The p values for age, sex, and education were not significant. EDSS ϭ Expanded Disability Status Scale; MS ϭ multiple sclerosis.
27% (failure in at least three cognitive domains), with a substantially comparable profile of the deficits. Comparing the two age subgroups, cognitively impaired subjects were 33% in the group aged 8 to 13 years and 30% in the other group (p ϭ 0.83).
The profile of deficits did not show any significant difference, with the exception of the Spatial Recall Test, which was more frequently failed by patients aged 14 to 18 years (p ϭ 0.003).
The comparison between cognitively impaired and cognitively preserved patients (table 4) showed a significantly higher proportion of subjects with an IQ score Ͻ 90 in the impaired group (15 of 19 subjects, p Ͻ 0.01). In a logistic regression analysis including as possible predictors age, sex, educational level, age at onset, number of relapses in the past 2 years, EDSS score, diseasemodifying treatment, and IQ, the only significant predictor of cognitive impairment was an IQ score lower than 90 (␤ 2.90, odds ratio [OR] 18.2, 95% CI 4.6 -71.7, p Ͻ 0.001). In a further analysis, considering an IQ score Ͻ 70 as a dependent variable, the only significant predictor was represented by younger age at onset (␤ Ϫ0.36, OR 0.7, 95% CI 0.5-0.9, p ϭ 0.009). An interview with the parents was obtained in 41 cases (14 classified as cognitively impaired), from the mother in 30 and from the father in the remaining cases. It revealed that MS had a significant impact on school activities and achievements: 4 of 41 children (10%) had a teacher of support because of cognitive difficulties; 9 (22%) had to repeat a year in school because of multiple missed school days (4 cases) or cognitive difficulties (5 cases). The duration of MS-related absences ranged from 10 to 60 days over the past year (10 -30 days: 10 cases; 31-60 days: 10 cases). Absences were most often associated with relapses (6 cases), hospital admissions, medical appointments and exams (14 cases), and therapy side effects (9 cases). Hobbies and sport activities were also negatively affected by the disease in 14 cases (34%), 9 of whom classified as cognitively impaired: 7 cases had to reduce or change their usual sport activities because of disease-related difficulties, and another 7 had to quit sport activities altogether. Behavioral changes were reported by parents in 16 cases (39%), 7 of whom classified as cognitively impaired. Changes included increased levels of anxiety (9 cases), disruptive behavior with aggressiveness toward family members and peers (3 cases), isolation, and feelings of sadness and insecurity (1 case). DISCUSSION Acquisition of information on MSassociated cognitive problems in childhood and juvenile cases is of critical importance for helping children and adolescents with MS to manage their difficulties and psychosocial challenges.
Cognitive impairment in this age range has been investigated in two recent uncontrolled stud-ies. In a series of 10 cases, 6 significant neuropsychological deficits on several cognitive domains were found. In the other study 5 including 37 cases, cognitive impairment was found in 35% with academic problems in more than a third of the children. A recent longitudinal study of 12 patients also documented further cognitive decline over a 21-month follow-up. 26 We found a 31% prevalence of significant cognitive impairment, whereas 53% of the patients exhibited minor degrees of cognitive dysfunction, failing at least two tests. Moreover, 28% of the cases had an IQ score Ͻ 90, and 8% had an IQ score Ͻ 70.
A multivariate analysis of possible clinical predictors of cognitive impairment revealed that EDSS and number of relapses were not adequate descriptors of the patient cognitive status. A previously published study reported significant relationships with disability levels, number of relapses, and disease duration. 5 In this study, however, cognitive defects were detected also in subjects with low disability levels. Although differences in methodology and characteristics of the patients may account for these inconsistencies, our findings are in agreement with several reports of cognitive impairment in adults that have shown poor relationships with disability levels and disease duration. [27] [28] [29] [30] [31] It is noteworthy that in our cohort the only significant correlate of cognitive impairment was an IQ score in the inferior range and that, in turn, low IQ score was significantly associated with younger age at onset. This finding is consistent with a previous report 6 of a relationship between cognitive disability and younger age at onset.
It is therefore possible to hypothesize that the more precocious the neuropathological damage in the CNS is, the more disruptive the global impact is on the development of intellectual faculties and, consequently, on the subject general intelligence.
In our sample, the proportion of patients treated with disease-modifying drugs was comparable in the cognitively impaired and preserved groups. However, it is possible that the therapy may positively influence the cognitive outcome of the subject in the long term. 32 Regarding the pattern of cognitive impairment, as in previous studies, 5, 6, 27, 33 we observed prominent defects of verbal and visuospatial memory, complex attention, and aspects of executive functions. Extrapolation of these findings would predict a high functional impact, because skills involving these faculties are increasingly emphasized in the higher academic degrees. In particular, for their critical role, executive function deficits deserve a more detailed evaluation in further studies, using a broader range of assessment tools. We also documented language problems in 20% to 40% of the cases, particularly in terms of verbal comprehension and, to a lesser extent, verbal fluency. Deficits of receptive language have been reported in a recent study, 6 whereas verbal fluency was normal in another series. 5 Involvement of linguistic function is perhaps the most peculiar finding in childhood and juvenile compared with adult cases. With the exception of verbal fluency, linguistic problems are rarely reported in adults, and it is believed that they may derive from impairment in other cognitive domains. 27, 34, 35 Because in pediatric cases the disease occurs during a critical phase for the development of linguistic faculties, language may prove to be particularly vulnerable in this age range. Even subtle language difficulties are likely to have important functional consequences. Therefore, systematic assessment of language function in pediatric MS deserves particular attention in future studies. Fatigue is one of the most frequent and invalidating symptoms in adult MS patients. 36 In our study, we used the FSS, and we applied a cutoff score of 2 on the basis of the HC assessment. With this approach, we documented significant fatigue in 73% of the cases. It is also possible that the FSS is not fully adequate to capture symptoms in a pediatric population and that some items may require an adaptation or modification. However, this finding points to the necessity to systematically assess and treat fatigue also in this age range.
Depression is another highly prevalent disturbance in MS and one of the most important determinants of the subject's quality of life. 37, 38 In a previous study, using a structured psychiatric evaluation, depression was reported in 50% of childhood and juvenile cases. 5 Using selfassessment on the CDI, we found a 6% prevalence. In our study, the prevalence of depression can be underestimated because of low sensitivity in assessment. In this respect, one of the major limitations of the study is the lack of a systematic referral to psychiatric examination for a formal diagnosis of depression or behavioral disorder.
Finally, using an interview with parents, we confirmed that the disease had a great functional impact and that, beyond the extent of physical disability, cognitive problems play a relevant role negatively affecting school, everyday, and social activities.
On the whole, our findings emphasize the importance of systematic assessment of cognitive and psychosocial problems in childhood and juvenile MS patients. They also provide a few clues for planning future research in the field and developing comprehensive intervention strategies.
